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ABSTRACT- The senior population is growing rapidly across most motorised countries resulting 
in an increasing number of elderly motor vehicle users. Accident data from the UK Cooperative 
Crash Injury Study (CCIS) were analysed to examine the relationship between age and injury 
outcome for belted front seat occupants in passenger car frontal crashes. Results showed that, for 
similar frontal crash characteristics, the MAIS outcome was more severe for older front seat 
occupants (65+) and they were more likely to be fatally injured compared to middle-aged and 
younger occupants. The chest was the most frequently injured body region. The older occupants 
sustained more injuries to the chest region compared to their younger counterparts and these 
injuries were predominately skeletal injury induced by seat belt forces. Older occupants had a 
higher rate of multiple rib fractures compared to younger and middle aged occupants. The 
increase in the number of rib fractures showed a strong association with increase in intrathoracic 
organ injury. These results suggest that older occupants are more vulnerable to serious injury to 
the chest region in frontal impacts. Vehicle crashworthiness systems that account for differences in 
age related injury tolerance could have a positive effect on injury outcome in frontal car crashes. 
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1 INTRODUCTION 
For some time now, the safety community has been questioning the effectiveness of occupant 
protection for elderly vehicle occupants. This is in part due to recognition of the major shift in the 
population distribution in most motorised countries. The number of older people in the European 
Union is projected to grow dramatically over the next two decades and beyond (Zaidi 2008). It is 
predicted that by 2050, the proportion of older people (65 years and above) in Europe will be close to 
30 % compared to 21% in 2000 (Zaidi 2008). In the US by 2030, 19% of the population will be aged 
65 or over (Ridella et al. 2012). Similarly, in Australia the proportion of older persons aged above 65 
years is projected to rise from 11.1% in 2001 to 24.2% in 2051 (Australian Bureau of Statistics 2006). 
Mobility is a critical factor to carry out life’s activities and in most western countries private passenger 
cars satisfy this need (Oxley et al. 2010). As their population grows, it is expected that the number of 
older people using passenger cars will be greater than ever before. In the UK, more than 4 million 
adults above 70 years old are currently licensed. It is predicted that 40 million older adults (65 years 
and above) will be licensed in the US by the year 2020, compared to 19.9 million in 2002 (Dellinger et 
al. 2002). Research in the US by Hu et al. (2000) estimates that over the next three decades, without 
active interventions, the number of fatal crashes involving older car occupants could be increased as 
much as three times compared to the present. The anticipated increase in the fatality involvement rate 
is also reported in other earlier studies (Lyman 2002; Insurance Institute and Highway Safety 2002). 
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In addition to an increase in elderly road users their increased injury probability is important. It is 
generally acknowledged that age is an important factor in the injury outcome in a vehicle crash. The 
European road safety report (DaCoTA 2011) shows that in the year 2009, almost 7000 elderly people 
(>64 years) died in road traffic accidents, accounting for more than one-fifth of the total fatalities. 
Older occupants differ from young or middle age occupants in several respects including physiological 
tolerance, injury outcomes and crash exposures (Islam & Mannering 2006; Kent et al. 2009). Previous 
studies have shown that the biomechanical tolerance to injury declines with age, reducing the ability 
for the body to withstand blunt trauma (Augenstein 2001; Welsh, Morris, Hassan, et al. 2006; 
Dejeammes & Ramet 1996). Also, elderly are frail than younger, the relative risk of severe outcomes 
for the same injury increases with ageing (Kent et al. 2009). 
The objective of the present study was to analyse the UK in-depth real world accident data to 
examine the effect of age and other confounding factors on injury severity outcomes for belted front 
seat occupants in frontal passenger car crashes.  
2 METHODS  
The UK Co-operative Crash Injury Study (CCIS) data collected between 1998 and 2009 were used in 
this study. CCIS collected in–depth crash and injury information from selected geographical regions 
representing urban and rural roads in Great Britain (Mackay et al. 1985; Hassan et al.1995). An 
accident was included in the sample if (a) it occurred in one of the specified sample regions, (b) at 
least one occupant of a passenger car (7 years old or less at the time of the crash) was injured 
according to the police assessment, and (c) the vehicle was towed from the accident scene. The 
database contained detailed information on vehicle crash severity estimated by the Equivalent Test 
Speed (ETS), structural performance and restraint performance together with photographic 
documentation of the vehicle exterior and interior along with forensic evidence relating to the injury 
causation. The ETS is evaluated on the assumption that the vehicle deformation was caused by an 
impact with a rigid, immovable object (Lenard, Hurley, et al. 1998).  
The study investigated some 80% of serious and fatal and 10–15% of slight injury crashes in the 
sample regions. Consequently, the slight injury records were underrepresented in the data that were 
biased toward more serious crashes. Weighting factors based on sampling percentage were applied 
to the data in order to give a representative population of crashes. The injury outcome was recorded 
using the Abbreviated Injury Scale (AIS; Association for the Advancement of Automotive Medicine 
1990). The criteria used to select the frontal impact population are shown below: 
• Single frontal crash or 2 impacts with frontal impact being the most significant in causing injuries. 
• No underride and Non rollover crashes. 
• Principal direction of force between 11 and 1 o’ clock. 
• Vehicles manufactured after the calendar year 1995. 
• Three-point belted front seat occupant ≥15 years of age. 
• Vehicle with frontal airbag and seat belt pretensioner.  
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The unweighted accident sample consisted of 2,644 front seat occupants. Applying weighting factors 
gave 7,729 front seat occupants consisting of 6,644 (86%) drivers and 1,085 (14%) front seat 
passengers (FSP). For all statistical tests, the significance level was set at a 95% confidence level 
(p<0.05). The occupant age was broadly categorised into three groups namely: a) young: 15-39 
years, middle- aged: 40-64 years and c) old: 65+ years. This classification was based on similar 
European real world accident studies (Welsh, Morris, Hassan, et al. 2006; Morris et al. 2003). 
3 RESULTS 
3.1 General Sample Characteristics 
3.1.1 Vehicle Manufacture Year: In the sample, 44% of the vehicles were manufactured pre-2000, 
50% were manufactured between 2001 and 2006 and 6% of the vehicles were manufactured after 
2007. Figure 1 shows the distribution of the vehicle manufacture year for the sample. 
 
Figure 1 Vehicle Manufacture year 
3.1.2 Occupant Age: Figure 2 shows the distribution of age by seating position. More than half of all 
occupants (53%) were aged between 15 and 39 (young), 35% of all occupants were aged between 40 
and 64 (middle-aged) and 12% of all occupants were aged over 64 (elderly). The proportion of elderly 
occupants in the front passenger seat was greater than the driver seat. The mean age of the 
occupants in the front passenger and driver seat was 42.2 and 40.6 years respectively, which was 
statistically different when compared by using Independent Samples T-test (p<0.05). 
 
Figure 2 Age group by seating position 
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3.1.3 Occupant Gender: Overall, 59% (4553) of occupants were male and 41% (3176) were female. 
Unlike the driver sample where a majority of the occupants were male (63%), front seat passengers 
were mostly female (65%).  
 
3.1.4 Crash Severity by seating position: From Figure 3, it can be observed that the distribution of 
crash severity was very similar between the two front seat occupant groups. The majority (66%) of 
impacts occurred between 20 and 45km/h. The ETS for 97% of all impacts were below 50 km/h and 
99% occurred below 60km/h.  
 
Figure 3 ETS distributions by seating position 
3.1.5 Crash severity by seating position and age: Table 1 compares the crash severity between 
age groups using the mean ETS. Small observational differences are apparent in the mean ETS 
shown in Table 1; however none of these were significant (p>0.05). 
Table 1 Mean ETS by seating position and occupant age 
 
Mean ETS (km/h) 
Seating 
Position 
<40 
(Young) 
40-64 
(Middle-aged) 
65+ 
(Old) 
Driver 26.99 26.22 26.43 
FSP 26.43 25.25 26.02 
3.1.6 Dashboard Intrusion: Of all occupants, 90% had intrusion below 3cm, 4% had sustained 
intrusion between 3 and 9cm, and 4% sustained intrusion greater than 10cm. The intrusion level was 
not known for 2% of the sample. 
3.1.7 Maximum Abbreviated Injury Severity (MAIS) by Seating Position: The MAIS represents the 
overall injury severity to an occupant. Table 2 shows the distribution of MAIS by seating position for all 
front seat occupants (driver and FSP). The proportion of front seat passengers with MAIS 2 and MAIS 
3+ injury were greater than drivers. Chi Square test showed a significant relationship between injury 
severity outcomes and front seating positions (χ2 =35.52, d.f =2, p<0.05). 
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Table 2 Injury Severity Outcome for Front Seat Occupants 
 
Front Seating Position 
Injury 
Severity Driver Front passenger All occupants 
MAIS 0,1  84.6%  77.9%  83.7% 
MAIS 2  10.1%  15.7%  10.9% 
MAIS 3+  5.3% 6.4%  5.4%  
3.1.8 Injury severity outcome by age: Figure 4 illustrates the MAIS outcome according to 
occupant’s age. In the sample, older occupants were over-represented at all levels of injury severity 
from MAIS 2 and above. The injury risk to middle- aged occupants from MAIS 2 and above was 
greater than for young occupants. A chi square test found that the overall distributions of injury 
outcomes across the three age groups varied (χ2 =226.20, d.f =12, p<0.05). 
 
Figure 4 Injury severity by age group 
3.1.9 Injuries by Body Region: Table 3 shows the rate of occupant injury severity by body region, for 
all occupants in the sample. Injuries to the head at the AIS 2+ level were received by 177 occupants 
(2.3%). Only 1% of occupants had neck injury at the AIS 2+ level. The chest was the most frequently 
injured body regions at all AIS severity levels. 524 (6.8%) of all occupants had AIS 2+ chest injury. 
Around 2% of all occupants had sustained at least one AIS 2+ abdomen injury. The second most 
frequently injured body region at the AIS 2+ level was the upper extremity (6.3%) followed by the 
lower extremity (5.9%).  None of the injuries to the extremities were rated at AIS level 4 or above. 
Table 3 Injury Severity frequency for each body region 
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(N=77) 
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0.7% 
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3.2 Chest Injury 
3.2.1 Chest Injury rate by Seat Position: The maximum chest injury severity by seating position is 
shown in Figure 5. 414 drivers and 110 front seat passengers had chest injuries at the AIS 2+ level. 
The rate of chest injury for front seat passengers was higher than for drivers at all injury severity 
levels. The rate of AIS 2+ and 3+ chest injury for the front seat passenger was 10% and 4% 
respectively. The injury severity rates for front seat passengers were greater than for drivers by 1.5 
times (AIS 2+) and two times (AIS 3+) respectively. 
 
Figure 5 Chest injury severity by seating position 
3.2.2 Chest Injury Rate by Age: Figure 6 shows the rate of AIS 2+ and AIS 3+ chest injury for 
occupants by age group. The rate of injury at both severity levels increased with the age. The rate of 
AIS 2+ injury for younger, middle aged and older occupants was 2% (n=100), 10% (n=272) and 17% 
(n=153) respectively. 1% of younger occupants (N=52), 3% of middle- aged occupants (N=76) and 8% 
of elderly occupants (N=75) had sustained at least one AIS 3+ chest injury. 
 
Figure 6 Rate of chest injury by age 
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3.2.3 Crash Severity of chest injured occupants by age group: In the sample, 211(40%) of all AIS 
2+ chest injured occupants had sustained their injury with ETS less than 30km/h and 71% below 40 
km/h. The rate of AIS2+ chest injury at ETS less than 30km/h was 0%, 6% and 12% for younger, 
middle-aged and older occupants respectively. Considering ETS above 50km/h, the rate of AIS 2+ 
chest injury to younger, middle-aged and older occupants were 19%, 44% and 58% respectively. 
The mean ETS of AIS 2+ and 3+ chest injured occupants by age are listed in Table 4 . The mean 
ETS of AIS 2+ chest injured older front seat occupants (32.2 km/h) was less than that for younger 
(44.6km/h) and middle aged (32.4km/h) occupants. Similarly, the mean ETS of AIS 3+ chest injured 
older occupants (36.7 km/h) was less than the younger (50.0 km/h) and middle aged (45.4 km/h) 
occupants. One-way analysis of variance (ANOVA) tests found a significant difference in the mean 
ETS between age groups (p<0.05), for occupants who had sustained AIS 2+ and AIS 3+ level chest 
injuries. 
Table 4 Mean ETS of the occupants injured in chest by age group 
 
Mean ETS (km/h) 
Young Mid Old 
Chest AIS 2+ 44.6 34.4 32.2 
Chest AIS 3+ 50.0 45.4 36.7 
3.2.4 Type of AIS 2+ chest injury: There were 714 AIS 2+ chest injuries recorded in the sample 
(Table A 1). Some of the occupants had more than one AIS 2+ chest injury. If an occupant had 
skeletal fracture and pulmonary complications such as pneumothorax, haemothorax, haemo-
pneumothorax and flail chest, then the injuries were counted as a single injury. Skeletal injuries were 
the most common type of AIS 2+ chest injuries, followed by the intrathoracic organ and vessel injuries. 
The recorded numbers of injuries to the thoracic skeletal, organ and vessel were 514 (72%), 175 
(24%) and 25 (4%) respectively. Sternum fractures made up a large proportion of all AIS 2+ chest 
injury occurring in 337 occupants, of which 325 had sternum fracture with a stable chest. Multiple rib 
fracture with more than 4 fractured ribs was the second most common type of skeletal chest injury 
occurring in 108 occupants. 53 occupants had fractures to 2 or 3 ribs. The number of fractured ribs for 
8 occupants was unknown. Injury to the lungs was the most common type of intrathoracic organ injury, 
84 such injuries were recorded in the sample. Lung contusion was the most common type of lung 
injury and was mostly rated at AIS 3 or 4 levels. Injury to the heart (n=16) was the second most 
common type of intra-thoracic organ injury followed by injury to the pericardium (n=15) and diaphragm 
(n=10). Other intrathoracic organ injuries occurred for fewer occupants. All injuries to the heart were 
rated at AIS 3+ level, and 5 of those injuries were critical-fatal injuries (AIS 5 or AIS 6). Vessel injuries 
were most likely to be rated at AIS 4+ level and occurred more sporadically. Injury to the aorta (n=20) 
was the most common type of vessel injury in the sample. 
3.2.5 Contact source of AIS 2+ Chest Injuries: Of 524 occupants with AIS 2+ chest injury, 377 
(73.3%) had one or more chest injuries solely due to the seat belt loading. For a further 17.6% of 
occupants, injury was caused by the steering wheel. In 5.5% of occupants, AIS 2+ chest injury was 
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entirely due to another source such as airbag, door, and vehicle interior panels. The remaining 3.6% 
of occupants had chest injuries caused by a combination of loading. 
3.2.6 Contact Source of AIS 2+ Skeletal Injuries: The distribution of source of contact for all 
skeletal fractures in the sample is shown in Figure 7. The seatbelt was the single major source of 
contact for all skeletal fractures. 76% of all skeletal fractures were caused by the seat belt, 19% were 
from the steering wheel and 5% from other sources. The seat belt was the source of injury for 89% of 
the sternum fractures, 74% of the single rib fractures and 56% of the 2-3 rib fractures. The difference 
in the proportion of steering wheel (42%) to seat belt (49%) as a source of injury for 4 or more rib 
fractures was relatively small compared to the source distribution for other types of injury.  
 
Figure 7 Source of contact for skeletal fractures 
3.2.7 Rate of Skeletal Fracture by Age: The rate of sternum and rib fracture for all front seat 
occupants is shown in Figure 8. Some of the occupants had both sternum and rib fractures. In total, 
604 skeletal fractures were reported in the sample. Sternum and rib fractures were most common with 
the older occupants and least common with the younger occupants. 25% of the older occupants had 
sustained sternum fracture compared to 22% for middle aged and 3% for younger occupants. 15% of 
the older occupants had reported with 4 or more rib fractures, which was the second most common 
type of skeletal fracture among the elderly occupants. 
 
Figure 8 Rate of skeletal fracture by age 
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3.2.8 Injured intra-thoracic organs and fractured ribs: Figure 9 shows a strong association 
between organ injury and number of rib fractures. The majority of lung injuries (54%) were associated 
with 2 or more rib fractures, while 38% of the lung injuries were associated with 1 or no rib fracture. 
More than half of all injuries to each organ were associated with 2 or more rib fractures. More than 90% 
of all pericardium and pleural sac injuries were associated with 2 or more rib fractures.  
 
Figure 9 Association of chest organ injury with number of rib fractures 
4 DISSCUSSION 
In the data sample, the proportion of elderly occupants in the front passenger seat was higher 
compared to the driver seat (18% compared to 11%). The driver seat had the highest proportion of 
younger occupants, 54% were below 40 years of age. Differences in the gender proportion were 
observed between the two front seating positions. The majority of the drivers were male (63%). 
Despite being the minority in the overall sample, the proportion of females outnumbered the 
proportion of males on the passenger side. These findings suggest that the front passenger seat 
position is more frequently occupied by females and older occupants. 
The crash severity in this study was determined by the Equivalent Test Speed (ETS). There was no 
significant difference in the mean ETS between the both front seating positions. The mean ETS 
between age groups in both seating positions was almost similar, suggesting in general, the crash 
severity experienced by different occupant age groups was similar.  
Only 2% of the occupants in the data sample had sustained AIS 2+ head injury. This indicates the 
protection offered by modern vehicles to the head region in frontal impacts is generally good, 
concurring with earlier real world studies (Lenard, Frampton et al. 1998; Frampton et al. 2002; 
Frampton et al. 2006; Kirk et al. 2002). There were few neck injuries rated at the AIS 3+ level, 
suggesting that serious and life threatening neck injuries are not common in frontal crashes. The 
chest was the most often injured body region at AIS 2+ injury levels. A high frequency of severe chest 
injury in frontal impacts is reported by several authors (Kitagawa & Yasuki 2013; Ridella et al. 2005; 
Brumbelow & Zuby 2009; Lenard, Frampton, et al. 1998; Welsh, Morris, Frampton, et al. 2006). In this 
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study, the chest was found to sustain higher rates of AIS 4+ injury than any other body region and this 
is similar to previous findings (Frampton et al. 2006). A high frequency of injuries to the lower 
extremities in  frontal crashes were reported with earlier studies (Morris et al. 2006; Austin 2012; 
Rudd 2009; Welsh, Morris, Frampton, et al. 2006) but these are rarely life-threatening (Read & Kufera 
2004). In the sample, lower extremity injuries were the second most frequent followed by the chest 
region when considering AIS 3+ type injuries. Although none of them were life threatening, these 
results suggest that along with chest injuries, there is still a need to reduce injuries to the lower 
extremities in frontal impacts. 
The older occupants in the sample were most at risk of sustaining severe injuries. They were 
overrepresented at MAIS 2, 3 and 4+ levels. This result verifies the continuing vulnerability of older 
occupants to serious injuries in frontal impacts, concurring with earlier real world studies using CCIS 
data (Morris et al. 2003; Welsh, Morris, Hassan, et al. 2006). This is also consistent with several US 
real world  accident studies (Kent et al. 2009; Carter et al. 2014; Ridella et al. 2012). 
There appeared to be a significant relationship between age and chest injury outcome. The rate of 
AIS 2+ and AIS 3+ chest injuries was highest among the older occupants and lowest among the 
younger occupants. Moreover, older occupants tended to sustain proportionally more severe chest 
injuries in low/moderate speed impacts compared to the other two occupant groups. This is in 
agreement with previous studies (Augenstein et al. 2005; Welsh et al. 2006; Mertz & Dalmotas 2007). 
Younger occupants tended to receive proportionally less AIS 2+ chest injuries even in severe 
accidents. In impacts with ETS above 50km/h, only 20% of the younger front seat occupants had 
sustained AIS 2+ chest injuries, whereas the corresponding rate of injury for middle aged and older 
occupants were 44% and 58% respectively. 
Despite similar crash severity between seating positions, the rate of MAIS 2 and 3+ injury sustained 
by front seat passengers was significantly greater than for drivers. Similarly, the rate of AIS 2+ and 3+ 
chest injury to passengers was greater than that for drivers. The apparent difference in the injury risk 
between the two seating positions in this study could be due to an overrepresentation of older, female 
occupants who are generally more susceptible to serious chest injuries than their younger male 
counterparts. This finding agrees with Carroll et al. (2009) who reported that the restraint systems are 
better optimised for the drivers than for the passengers, suggesting potential scope for improvement 
to the front passenger restraint system. Perhaps the most concerning aspect of this result is that the 
situation has remained unchanged for many years, despite significant improvements to occupant 
protection in other areas. The chest injury risk for older females in the front passenger seat, in frontal 
impact was highlighted more than 20 years ago (Frampton and Mackay, 1994).  
Skeletal injury was the most frequent type of AIS 2+ chest injury. Injuries to intrathoracic organs were 
the second most frequently occurring AIS 2+ chest injuries followed by injuries to vessels. Skeletal 
injury mainly comprised of sternum and rib fractures. Sternum fracture, 4 or more fractured ribs and 
lung contusion was the most frequent injury type in the sample. This is also consistent with  previous 
CCIS analyses (Welsh, Morris, Frampton, et al. 2006; Hill et al. 1994). Sternum fractures are usually 
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coded at AIS 2 level. They are generally less severe when occurring alone and are less likely to 
cause any further complications (Breederveld et al. 1988; Brookes et al. 1993). 56% of the occupants 
with 4+ rib fractures had no other pulmonary complications but the other 44% of occupants had 
sustained pulmonary complications such as haemothorax and/or pneumothorax. The lungs were by 
far the most frequently injured intra-thoracic organs. This was followed by the heart and the 
pericardium. Injuries to vessels were less common in the sample, however, those injuries are mostly 
rated at the AIS 4+ level, and are possibly life threatening, so should not be disregarded based on a 
low frequency of occurrence. 
The rate of injury for older occupants with skeletal injuries (sternum, single rib, 2-3 rib and 4+ rib 
fractures) was higher than for the other two age groups. Particularly, the difference in the rate of 
sternum and 4+ rib fractures to older occupants was higher compared to the younger occupants. 
Several studies associate this increased risk of skeletal injuries among older occupants to the 
biomechanical changes due to the ageing process. It is already an established fact that as a person 
ages, demineralisation of bone occurs which makes the bone more porous and reduces the material 
strength (Cowin 2001). Kent and Patrie (2005), reported that the 50% risk of sustaining 6+ rib 
fractures for 30 a year old was at a chest deflection of 43% of its depth, but a 70 year old can only 
tolerate 33% of the chest deflection for the same level of injury risk. Kent et al. (2005) found, with 
ageing, the rib cage tends to get narrower and deeper, and the thickness of the cortical bone layer 
reduces. They associated these geometrical changes to increased rib fractures for the elderly. The 
combined effects of these biomechanical changes tend to reduce the rib fracture tolerance and in the 
presence of several other comorbid factors, means that older people tolerate less force before such 
injury occurs (Kent et al. 2008). Furthermore, fracture to ribs and sternum were mostly caused by the 
seat belt loading, clearly suggesting there is a need to manage restraint forces in frontal impacts. 
This study was also extended to look at the relationship between rib fractures and the occurrence of 
intrathoracic injuries. With the increase in the number of rib fractures, the risk of pulmonary 
complications and organ injuries tended to increase, concurring with previous studies (Sirmali et al. 
2003; Kent et al. 2008; Thor & Gabler 2008). To understand the nature of the injury occurrence for the 
different age groups, the crash severity of such injury types should be further studied. Such analysis 
could give an association between the crash severity (i.e. magnitude of the force experienced) and 
the number of rib-intrathoracic injuries. 
If predictions for the demographic shift in populations toward the elderly are correct, this study shows 
the necessity for safety interventions, through new vehicle crashworthiness systems to improve chest 
protection for elderly occupants. Several studies have reported that intelligently varying the restraint 
deployment characteristics by accounting for differences in age related injury tolerance may better 
manage the restraint forces acting on the chest in frontal crashes (Ekambaram et al. 2015; Hynd et al. 
2011; Bosch et al. 2005). Ekambaram et al. (2015) estimated the real world injury reduction benefit of 
smart/adaptive  load limiters by applying numerical crash simulations results to the real world accident 
database (CCIS). They reported that, if the vehicles in the accident sample were fitted with the smart 
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load limiters, the risk of sustaining an AIS 2+ chest injury may decrease by 5% and 2.7% for the older 
and middle-aged front seat occupants respectively in frontal impacts. 
5 CONCLUSIONS 
• The front passenger seat was most frequently occupied by females and elderly (>64 years) 
compared to the driver side. 
• Chest injury severity outcome for front passengers was proportionally higher than for drivers.  
• The chest was the most frequently injured body region at AIS 2 and above levels.  
• Despite similar crash impact severity between age groups, older occupants tended to sustain 
more severe MAIS and chest injury outcomes compared to their younger counterparts. 
• Skeletal fracture was the most frequent type of AIS 2+ chest injury and was mostly caused by 
seat belt loading. 
• The rate of sternum and rib fractures for elderly occupants was substantially higher than for 
younger occupants.  
• The increase in the number of rib fractures had a strong association with the risk of intrathoracic 
organ injury. 
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APPENDIX 
Table A 1 List of AIS 2+ chest injury 
 
Injury Area Injury Type  AIS 
Skeletal 
Injury (514) 
Single rib fracture 
and (8) 
pneumothorax (7) 3 
haemothorax (1) 3 
 
2-3 ribs fracture 
and (53) 
stable (41) 2,3 
pneumothorax (9) 3,4 
haemothorax (2) 3 
haemo-pneumothorax 
(1) 3 
 
 
 
4+ ribs fracture 
and (108) 
Stable chest (52) 2,3,4 
pneumothorax (9) 3,4,5 
haemothorax (24) 3,4,5 
haemo-pneumothorax 
(15) 3,4,5 
flail chest (5) 4,5 
unknown (3) 2,3 
 
Unknown no. of ribs 
fracture and (8) 
stable chest (3) 2,3 
pneumothorax (3) 3 
flail (2) 4 
 
Sternum fracture 
and  (337) 
stable chest (325) 2 
pneumothorax (8) 3 
haemothorax (2) 2,3 
flail segment (2) 4 
Retrosternal contusion (1) 3 
Organ Injury 
(175) 
Pneumothorax (23) 3,5 
Haemothorax (3) 3,4 
 
Lung (84) 
 
tear (1) 4 
laceration (5) 3,4 
bruise (1) 3 
puncture (6) 3,4 
contusion (69) 3,4 
haemorrhage (2) 4 
 
Pleural cavity/ sac 
(5) 
 
tear (1) 2 
laceration (1) 2 
puncture (2) 2,3 
surface contusion (1) 4 
                                         
Pericardial (15) 
 
 
tear (4) 2,3 
laceration (3) 2 
contusion (2) 2 
rupture (1) 2 
haemorrhage (3) 2,4 
disruption (2) 2 
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Myocardial (6) 
 
tear (2) 3,5 
contusion (2) 3 
haemorrhage (2) 3 
 
Heart (16) 
 
tear (1) 3 
laceration (4) 5,6 
bruise (1) 3 
rupture (1) 3 
contusion (6)  3 
haemorrhage (2) 3 
unknown (1) 6 
 
Soft tissue (2) 
 
contusion (1) 3 
haemorrhage (1) 4 
 
Atrium (6) 
 
split (2) 3,5 
contusion (2) 3 
disruption (2) 5 
 
Diaphragm (10) 
 
tear (4) 2,3 
laceration (2) 3 
rupture (3) 3 
contusion (1) 2 
 
Ventricle (2) 
 
tear (1) 5 
contusion (1) 3 
Trachea laceration and rupture (1) 4 
Oesophagus tear (1) 3 
Chordae tendineae rupture (1) 5 
Vessel Injury 
(25) 
 
 
 
Aorta (20) 
tear (8) 4,5 
laceration (1) 4 
rupture (3) 5 
contusion (1) 4 
transection (5) 4,5 
haemorrhage (1)   6 
haematoma (1) 4 
 
Vena Cava (2)  
perforation (1) 5 
avulsion (1) 4 
Coronary artery tear (1) 5 
Subclavian artery  rupture (1)  4 
Pulmonary vessel contusion (1) 3 
 
